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http://dx.doi.org/10.1016/j.pedneo.2
1875-9572/Copyright ª 2014, TaiwanBackground: Most neonates who reside in the neonatal intensive care unit (NICU) and require
surgery are transferred to the operating room (OR) or undergo bedside surgery. However, crit-
ically ill neonates who are transferred often encounter the risk of complications. An OR in our
NICU was therefore launched in 2009. This study was to appraise the surgeries performed in the
NICU OR and compare results with the traditional main OR outside the NICU.
Methods: This was a retrospective study in the NICU of a tertiary center. Retrospective chart
review was conducted for all neonates who underwent surgical procedures in the NICU OR and
the main OR. The information regarding baseline characteristics, surgical procedures and dura-
tion, ventilator use, hypothermia, hyperglycemia, instrument dislocations, surgically related
infection or complications, and outcomes was obtained.
Results: There were a total of 65 patients in this study, 37 in the NCIU OR group and 28 in the
main OR group. The presurgical mean airway pressure and the fraction of inspired oxygen
(FiO2) were comparable between the two groups, but the postsurgical FiO2 was significantly
lower in the NICU OR group (31.0%) than in the main OR group (40.9%; p Z 0.027). Further-
more, the NICU OR group required a significantly shorter preoperation waiting time (34.4 mi-
nutes vs. 63.6 minutes, pZ 0.001) and had a lower incidence of hypothermia than the main OR
group (8.1% vs. 39.3%, pZ 0.008). However, surgically related complications were similar be-
tween groups.of Pediatrics, National Taiwan University Hospital and National Taiwan University College of Medi-
d, Taipei, Taiwan.
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WaConclusion: The OR within the NICU may reduce the risk of complications during transportation
and provide continuity of care to critically ill neonates. It also decreases the disturbance to
other NICU patients during operation.
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reserved.1. Introduction
Critically ill neonates in the neonatal intensive care unit
(NICU) often require surgical procedures. Neonates in need
of surgery are traditionally transferred to the main opera-
tion room outside the NICU. However, transferring the
critically ill neonates to the OR outside the NICU risks
complications. In critical patients, previous studies have
shown that clinical complications may occur in up to 70% of
intrahospital transports.1e4 The possible events include
hypothermia, change in variations in heart rate and blood
pressure, and dislocation of vascular accesses or endotra-
cheal tubes.2,5 The incidence of complications may relate
to the duration of transportation and the severity of the
patients’ symptoms.2,4,5 For example, Vieira et al5
demonstrated that in intrahospital NICU transports, hypo-
thermia events developed in up to 17% of patients, and
these hypothermia events were associated with prolonged
transports.5
To avoid the adverse events during transportation, some
surgical procedures, such as patent ductus arteriosus (PDA)
ligation, are done at the NICU bedside, with similar results
to those done in the main OR.6,7 Surgery at the NICU
bedside avoids the accident during transport, especially for
critical and unstable neonates who are in use ofOperating
Room
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Figure 1 Floor plan ohigh-frequency oscillatory ventilation, inhaled nitric oxide
therapy, and even extracorporeal membrane oxygenation
(ECMO).8,9 Furthermore, performing the surgery in the NICU
provides continuity of care by the same intensive care
team.7 However, there are doubts about increasing the risk
of infection when performing bedside surgery.10,11
To solve this problem, we opened an operating room in
our NICU (NICU OR) in 2009. The aim of this study was to
compare the benefits and risks of performing surgery on
critically ill newborns in the OR within the NICU with those
of conducting surgery outside the NICU.
2. Methods
There are 25 beds in the NICU in the National Taiwan Uni-
versity Hospital, Taipei, Taiwan. The OR is located in the
central area of the ward (Figure 1). The room area in the
NCIU OR is 25 m2, which is similar to the main OR
(15e25 m2). The NICU OR has a laminar air flow system with
15 fresh filtered air changes per hour, which is similar to
that of the main OR of our hospital. Prior to surgery, the
patient was transferred directly from his/her bed to the
NICU OR with an overhead radiant warmer. The theater
staff brought equipment to the NICU OR. The surgical team
consisted of surgeons, a neonatologist, an anesthetist, anStaff Room
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222 Y.-L. Wang et alanesthesia nurse, a scrub nurse, and a circulating nurse.
Continued monitoring was provided during the surgery. The
neonatologist attended the surgery for adjustment of the
ventilator. After the surgery was performed, the primary
care nurse and pediatrician looked after the neonate. The
patient then stayed in the NICU OR until physiologically
stable, and then the patient was transferred back to his/
her bedside. Regular activity in the NICU was not disturbed
during the surgery.
A retrospective chart review was undertaken for all
neonates undergoing surgical procedures in the NICU OR
from February 2009 to April 2011. The interim analysis of
these data showed that the majority of the patients
required PDA ligation or repair of congenital diaphragmatic
hernia (CDH; Table 1). Thus, the data of those undergoing
PDA ligation or CDH repair in the NICU OR were selected as
the NICU OR group. Historical comparison was made by
retrospective collection of the medical data of residents in
our NICU who received PDA ligation or CDH repair in the
main OR outside the NICU from 2001 to 2011, as the main
OR group.
The following data were collected from the medical
chart: sex, gestational age, birth weight, age at the time of
surgery, surgical procedures and duration, preoperation
waiting time from on call to the commencement of the
operation (defined as the time for transfer and preopera-
tive preparation), ventilator information, hypothermia,
hyperglycemia, instrument dislocations, incidence of sur-
gically related infection, complications, and outcome. The
mean airway pressure (MAP) and the fraction of inspired
oxygen (FiO2) were used to measure respiratory support.
Hypothermia was defined as temperature < 35.5

C, and
hyperglycemia was defined as blood sugar > 200 mg/dL.
Surgically related infection was recorded as culture-proved
wound or surgical drainage sites infection within 1 week of
surgery.
Statistical analyses were performed using the SPSS
version 12.0 (SPSS Inc., Chicago, IL, USA). Means were
calculated for baseline demographic characteristics, FiO2,
MAP, temperature, and duration. Frequencies were calcu-
lated for the rate of hypothermia, hyperglycemia, and
other complications. The comparisons between the NICU
OR group and main OR group were performed by Wilcoxon
rank sum test for continuous variables, and Chi-square testTable 1 Procedures and surgical duration performed in
the Neonatal Intensive Care Unit operating room.
Surgical procedure Number Surgical
duration (min)
Bronchopleural fistula
repair
1 130
Congenital diaphragm
hernia repair
9 140 (80e165)
Bowel resection 1 155
PDA ligation 28 46 (15e100)
Exploratory thoracotomy 1 90
Total 39 59
PDA Z patent ductus arteriosus.for categorical variables. A p value  0.05 was considered
to be statistically significant for all analyses.3. Results
There were 37 patients in the NCIU OR group, and 28 pa-
tients in the main OR group. In the NICU OR group, 28 pa-
tients received PDA ligation and nine patients received CDH
repair, whereas in the main OR group, 12 patients received
PDA ligation and 16 patients received CDH repair.
We compared the two groups with respect to birth
weight, gestational age, age at the time of operation, and
preoperative FiO2 and MAP in an effort to compare the
baseline characteristics and severity prior to the operation.
The comparison of the baseline characteristics in these two
groups is listed in Table 2. The mean gestational age and
birth weight for the NICU OR group were 30.5  4.5 weeks
(range 25e39 weeks) and 1387  759 g (range 590e3335g),
respectively; the mean gestational age and birth weight for
the main OR group were 35.2  3.0 weeks (range 29e40
weeks) and 2512  745 g (range 1160e3906 g), respectively.
The postnatal age of operation was 13.1  9.9 days in the
NICU OR group and 11.8  11.4 days in the main OR group.
Prior to the surgery, the percentage of patients requiring
mechanical ventilation showed no significant difference
(81.1% in the NICU OR group vs. 53.5% in the main OR group,
p Z 0.307). The baseline mean FiO2 and the mean MAP in
the NICU OR group were 30.2% and 8.85 cmH2O, respec-
tively, whereas in the main OR group they were 27.4%
(pZ 0.735) and 8.39 cmH2O (pZ 0.654), respectively. The
preoperative body temperature was 36.8

C and 36.9

C in
the NICU OR and the main OR group (p Z 0.929), respec-
tively (Table 3).
Table 3 demonstrates the postoperative characteristics
and surgically related events in both groups. The pre-
operation waiting time was significantly shorter in the NICU
OR group than in the main OR group (34.4 minutes vs. 63.6
minutes, p < 0.001). The duration of surgery in the main OR
group was longer than the NICU OR group (101.1 minutes in
the main OR group versus 70.4 minutes in the NICU OR
group, p Z 0.001). However, the subgroup analysis of the
duration of surgery according to different procedures
showed no significant difference. For PDA ligation, the
mean operating duration was 64.4 minutes in the main OR
group versus 48.0 minutes in the NICU OR group. For CDH
repair, the mean operating duration was 140 minutes in the
NICU OR group versus 129 minutes in the main OR group.
The difference of the operation duration might come from
a greater proportion of patients receiving PDA ligation in
the NICU OR group, because PDA ligation generally takes
less time than the CDH repair procedure.
Although the body temperature prior to the operation
was similar in the two groups, the lowest body temperature
during the operation and transfer was significantly different
(36.2

C in the NICU OR group versus 35.2

C in the main OR
group, p < 0.001). Three patients (8.1%) in the NICU OR
showed hypothermia during the operation and transfer,
whereas 11 patients (39.3%) had hypothermia in the main
OR group (p Z 0.008). The presurgical MAP and FiO2 were
not significantly different between groups, but the
Table 2 Demographic characteristics among infants who received PDA ligation and CDH repair in the Neonatal Intensive Care
Unit operating room (NICU OR) group versus the main operating room (OR) group.
NICU OR Main OR
PDA CDH PDA CDH
N Z 28 N Z 9 N Z 12 N Z 16
Male 54 67 50 56
Female 46 33 50 44
Gestational age (wk) 28.7  3.3 36.1  2.8 33.0  2.0 36.9  2.5
Birth weight (gm) 1070  472 2375  628 1939  636 2941  494
Age of operation (d) 16.3  9.1 2.9  2.5 23.6  7.1 3.0  1.5
Data are presented as % or mean  standard deviation.
CDH Z congenital diaphragmatic hernia; PDA, Z patent ductus arteriosus.
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NICU OR group vs. 40.9% in the main OR group, pZ 0.027).
For the surgically related events, the hyperglycemia
incidence was higher in the main OR group than in the NICU
OR group (29.7% vs. 42.9%, p Z 0.311). In the NICU OR
group, there were no cases with endotracheal tube or
vascular lines dislocation during transportation. However,
two episodes of endotracheal dislocation occurred when
the patients were transported to the main OR. For the
surgically related infection, one infant undergoing surgery
for PDA in the NICU OR had chest tube wound infection by
Methicillin-resistant Staphylococcus aureus. By contrast,
four cases had wound infection or abscess, and one infant
had Streptococcus mitis bacteremia after the operation in
the main OR group. The rate of surgically related wound
infection was comparable between groups.Table 3 Preoperative and postoperative characteristics
and surgical related events among infants who received PDA
ligation and CDH repair in the Neonatal Intensive Care Unit
operating room (NICU OR) group versus the main operating
room (OR) group.
NICU OR
(n Z 37)
Main OR
(n Z 28)
p
Pre-OP ventilator use 30 (81.1) 16 (53.5) 0.307
FiO2 pre-OP 30.2 27.4 0.735
FiO2 post-OP 31.0 40.9 0.027
MAP pre-OP (cmH2O) 8.85 8.39 0.654
MAP post-OP (cmH2O) 9.43 8.83 0.594
Waiting time (min) 34.4 63.6 0.001
OP duration (min) 70.4 101.1 0.001
BT pre-OP (

C) 36.8 36.9 0.929
Lowest BT (

C) 36.2 35.2 0.001
Hypothermia 3 (8.1) 11 (39.3) 0.008
IVF during OP (mL/kg/h) 11.6 18.8 0.067
Hyperglycemia 11 (29.7) 12 (42.9) 0.311
ET dislocation 0 (0) 1 (3.5) 0.422
Surgical related infection 1 (2.7) 4 (14.3) 0.104
Data are presented as n (%), unless otherwise indicated.
BT Z body temperature; CDH Z congenital diaphragmatic
hernia; ET Z endotracheal tube; IVF Z intravenous fluid;
MAP Z main airway pressure; OP Z operation; PDA Z patent
ductus arteriosus.Mortality rate was higher for neonates operated in the
NICU OR that including three extremely low birth weight
preterm infants. One female infant with a birth weight of
735 g underwent CDH repair and died 129 days after surgery
due to massive intracranial hemorrhage after several days
of ECMO support. The second was a male preterm infant
with a birth weight of 850 g who underwent PDA ligation at
the age of 22 days. He died 150 days after surgery due to
bowel perforation. The third was a female preterm infant
with a birth weight of 616 g who underwent PDA ligation at
the age of 21 days and died due to chronic lung disease 133
days after surgery.
4. Discussion
In most hospitals, neonates are transported to the OR
outside the NICU for surgery. Those neonates who are
transported for surgery may encounter an increased risk of
complications.5 Despite improvements in intrahospital
transportation equipment and experience, significant risks
still exist.4 Previous studies discussed mishaps during
transport of ill patients. Most patients may have change in
at least one physiologic variable during transportation, such
as hypothermia, or changes in heart rate, blood pressure,
or respiratory rate. Equipment-related mishaps are also not
uncommon.2 Preterm infants frequently experience respi-
ratory compromise and require additional respiratory sup-
port.12 Such patients with mechanical ventilators or
required high ventilator settings are at an increased risk of
transportation-related adverse events.13 Furthermore, the
duration of transport was associated with equipment-
related events.2
Complications during transport may aggravate the clin-
ical status of ill neonates; however, many events are
potentially preventable.14,15 There are guidelines for the
transfer of critically ill patients that emphasize a compre-
hensive and effective interfacility transfer plan.16 The
transfer plan should comprise the coordination and
communication of a multidisciplinary team, the assessment
of the facility including the transport personnel and
equipment, and the continuous quality improvement pro-
cess to refine the plan. Although the guideline is not
designed for neonates, the principle can also be applied to
the intrahospital transfer of NICU patients. In our unit, no
matter where the surgeries are to be carried out, the
224 Y.-L. Wang et alsurgeon and the anesthesiologist visit the patient before
the surgical procedure is performed. The neonatologist may
discuss the specific condition of the patient with the sur-
geon and the anesthesiologist. After the surgical time is
booked, the neonatologist and the NICU nurses make
preparations for the proper vascular accesses, elective
intubation, and equipment for transfer. Prior to and after
the surgery, the NICU nurses and the surgical nurses will
communicate to each other detailed information about the
patient. If the surgery is performed in the NICU OR, the
neonatologist will attend throughout the surgery.
In addition, some studies provided suggestions to
improve safety for transportation in pediatric or neonatal
population. For example, good pretransport planning,
transport team training, and use of checklists may reduce
transportation-related mishaps.17e19 Transport conducted
by specialized pediatric staff is also suggested to reduce
the related risk.20,21 However, it often takes three or more
staff for transportation to and from the main OR. Time
taken and personnel costs would be increased by the long
duration of transportations.22
Thus, for the critically ill neonates, avoiding trans-
portation of long duration is a cornerstone of safety. There
are numerous studies about the bedside operation in the
NICU.23 However, no study has focused on an operating
room within the NICU. In our study, we compared the
transportation and surgically related events between the
main OR and NICU OR. The NICU OR group infants in this
study were much smaller and more immature than the in-
fants in the main OR group. Furthermore, these two groups
were from different cohorts. However, the data still
demonstrate some essential differences. The significantly
shorter waiting time prior to surgery in the NICU OR group
reflects the shorter journey of transportation. This also
suggests that the number of staff and time spent for
transportation can be reduced.
The incidence of hypothermia after transportation was
significantly lower in the NICU OR group than in the main OR
group. This indicates that the heat loss during trans-
portation could be reduced. In the NICU OR, we kept the
room temperature in the range of 24e26oC during the
operation, whereas the room temperature was approxi-
mately 23e25oC in the main OR. There is a slight difference
of the setting of room temperature at these two sites. This
might be a factor for the lower hypothermia rate in the
NICU OR group.
The literature has demonstrated many complications
that are encountered during transportation. In our study,
we compared the rate of instrument dislocations during
transportation. There was no case of intravenous line or
arterial line dislocation in the two groups. However, two
episodes of endotracheal dislocation occurred when the
patient was being transported to the main OR, whereas no
case showed endotracheal tube dislocation in the NICU OR
group. We consider the endotracheal tube dislocation as a
major adverse event that could cause harm to the patient.
Thus, even though the difference does not reach statistical
significance, it should be emphasized.
Other than the shorter transportation distance and the
lower risk of associate complication, surgery in the NICU
provided additional benefits. One example is the continuity
of care.24 The neonatologist attended during the surgerywith the cooperation of the anesthetist to adjust the
ventilation setting. According to our data, the preoperation
ventilation settings were not significantly different; how-
ever, the postoperation FiO2 was significantly higher in the
main OR group. This finding was not discussed in previous
literature. According to our experience, the attention of
the neonatologist in the operation can avoid the inappro-
priate goal of high saturation during and after the opera-
tion. The average intravenous fluid given during the
operation was also slightly more in the main OR group, and
the incidence of hyperglycemia was also higher in this
group.
Nosocomial infection could further deteriorate the
critically ill neonate.25,26 The infection rates are particu-
larly high for neonates with mechanical ventilation or
central venous catheter, such as in our study population.
Some literature claimed that the rate of surgical infection
is slightly higher when patients underwent bedside surgery
in the NICU.11 In our study, surgery in the NICU OR, which
had similar settings as the main OR, did not increase the
rate of surgical infection. The surgical duration after
adjustment to the procedure was the same in the NICU OR
and the main OR.
The mortality rate in the NICU OR group was higher than
the main OR group. However, the NICU OR group infants
were much smaller and more immature than those of the
main OR group. There were three mortality cases in the
NICU OR group. However, these deaths were not related to
the surgery itself but to the severity of the underlying
diseases: one patient died due to severe CDH with ECMO
complication long after surgery and the others due to long-
term complications of extreme prematurity.
There are limitations of this study, such as small sample
size, retrospective design, and the different baseline
characteristics including gestational age and birth weight in
the two groups. However, since the construction of our
NICU OR, nearly all suitable operating procedures have
been undertaken at the NICU OR. A prospective, random-
ized design may entail ethical issues and may not collect
the comparable procedures between the main OR and the
NICU OR groups.
In the future, more surgical procedures may be per-
formed in the NICU OR. The complexity of the diverse
surgical procedures is a challenge to NICU and the surgical
teams. The formal and comprehensive perioperative plan
including a checklist will be amended. Simulation practice
for transportation may also be introduced. For better
infection control, the aims are to decrease unnecessary
traffic into the OR during surgery, to separate the cleaning
schedule for the OR, and to avoid unnecessary equipment in
the OR.27,28
Many previous studies demonstrated that it was safe for
some surgical procedures to take place at the bedside in
the NICU. However, bedside surgery may disturb nearby
patients and also increase the risk of infection.11,29 In our
observation, the surgery in the NICU OR brought fewer
disturbances to other NICU patients in comparison with
bedside surgery. We further designed an independent space
that was similar to the main OR. This may prevent some
possible surgical infection and also provide sufficient space
for the surgical team. Our study showed that this setting is
safe and convenient for critically ill neonates. The NICU OR
Operating room within the neonatal intensive care unit 225is currently only for selected procedures such as PDA liga-
tion and CDH repair or bowel perforation. We will attempt
other procedures in cooperation with the surgical and
anesthesia teams in future.
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